Experimentally determined tensile strength of water can be measured mainly by two methods: by the application of high-intensity ultrasound or by the cooling of liquid-filled inclusions. The tensile strength around room temperature given by the two methods differs remarkably; for the ultrasonic method it is around -30 MPa, while for the inclusion method it is around or below -100 MPa. The controversy can be explained by assuming the effect of an already vanished low-temperature critical point, i.e., the existence of a second Widom region observable only under negative pressures. This Widom region is responsible for the increase of the isothermal compressibility, which-being the response function for pressure perturbations-can cause unexpected homogeneous nucleation in a region
INTRODUCTION
Liquids can withstand isotropic tri-axial pulling (negative pressure), although under p < 0 conditions, they are always metastable, i.e., they can cavitate and turn fully or partially into vapor (Skripov, 1974; Trevena, 1987; Skripov et al., 1988; Debenedetti, 1996; Imre et al., 2002; Skripov and Faizullin, 2006; Baidakov, 2007) . The theoretical limit for the deepest negative pressure where liquid state can exist is the so-called spinodal, where the response functions (like isobaric heat capacity or isothermal compressibility) goes to infinity. In reality, liquid state cannot be found close to the spinodal limit, because other processes (like homogeneous or heterogeneous bubble nucleation) "breaks" the liquid state on less negative pressures. While heterogeneous bubble nucleation is caused by a "foreign" nucleus, for its homogeneous counterpart, the nucleus is the internal density fluctuation. One can expect big density fluctuations when the value for the corresponding response function (like isothermal compressibility or isobaric heat expansion) is very high and the density differences upon the fluctuations are quite big, even for small pressure or temperature noise. This is the reason why spinodals-where these response functions go to infinity-cannot be reached, not even in very pure liquid, but can be approached. The physical limit, which can be reached by putting a liquid under negative pressure is the tensile strength; its p > 0 continuation is the attainable or limiting superheat; these limits have been intensively studied by Professor Skripov and lately by his co-workers (Skripov et al., 1988 , Vinogradov and Pavlov, 2000 , Ermakov et al., 2001 , Baidakov, 2010 , and Skripov and Skripov, 2010 . Theoretically the spinodal limit for a given liquid can be calculated quite easily by knowing the equation of states (EoS) describing the properties of the fluid (concerning various EoS, see for example Chap. 7 in Deiters and Kraska, 2012) . The problem is that, for real materials, theoretically sound and mathematically closed EoS are not accurate enough. For quantitative description of fluid properties, one has to use so-called reference equations; these are highly sophisticated equations, based on high-accuracy experimental data. Therefore, in some sense, they are fitted equations, and for this reason they can describe the fluid properties only in the temperature and pressure range which was covered by the experimental data used for the fitting. Reference equation of states (REoS) cannot (or at least should not) be used to predict anything outside of their validity range.
NOMENCLATURE
For water, the most widely used EoS is the so-called IAPWS (The International Association for the Properties of Water and Steam) or Wagner-Pruss REoS (Wagner and Pruss, 2002) . For this equation, only a very limited number of experimental data from the metastable liquid region were used; these data were measured by Professor Skripov and his co-workers (Chukanov and Skripov, 1971; Evstefeev et al., 1977 Evstefeev et al., , 1979 . One would expect that, due to this limitation, properties below p = 0-including the location of the spinodal limit-cannot be calculated for water. Surprisingly, IAPWS REoS describes metastable water properties down to the -20 to -30 MPa region (Davitt et al., 2010 , Caupin et al., 2012 and can describe the high-temperature part of the spinodal down to very deep pressures [down to -50 MPa at high temperature or even -350 MPa at low temperature (Sega et al., 2017) ]. Still, to find the real lower-pressure limit of existence (either the theoretical spinodal or the experimental tensile strength), new experimental data are needed.
Two different methods are used to obtain experimental data in deeply metastable water. One of them is the inclusion method, when the water is fully confined into an inclusion, without any vapor phase. Upon cooling, the liquid tries to contract faster than the solid matrix material of the inclusion, but the adhesion keeps it stuck to the wall. In this case, upon proper cooling the liquid will be stretched, i.e., negative pressure will be generated. This method is considered to have an isochoric (equal volume) route for the liquid, assuming the volume constancy of the inclusion. In reality, the inclusion will shrink while cooling, but usually this effect is neglected. As the temperature decreases, the pressure will go deeper and deeper into the negative region, until reaching the limit given by the tensile strength, where it is relaxed back to positive pressure after a burst of nucleate boiling. The pressure is usually estimated by accepting the validity of IAPWS REoS (Wagner and Pruss, 2002) in this metastable range. By this method, at room temperatures one can reach pressures around or even slightly below -100 MPa in water (Zheng et al., 1991; Shmulovich et al., 2009; El Mekki-Azouzi et al., 2013; Shmulovich and Mercury, 2014; Qiu et al., 2016) .
The other method is using high-amplitude ultrasound. By high-frequency ultrasound, pressure can be changed in liquid in very fast manner; it can be assumed to expand and compress the liquid in nearly adiabatic paths. When the pressure amplitude is high enough, the liquid can reach the tensile strength in the negative wave part, producing nucleate boiling. The cavitation threshold (the deepest negative pressure reached before the appearance of vapor bubbles) is a frequency-and temperature-dependent pressure function (Šponer, 1990) . At very high frequency, it will be frequency-independent and therefore high-frequency values (for the given temperature) can be used as tensile strength. The measured tensile strengths with this method around room temperatures are in the -20 to -30 MPa range (Herbert and Caupin, 2005; Davitt et al., 2010) .
The difference between the two methods is unexplained (Herbert et al., 2006) . One can assume that the simplification (like assuming isochoricity) or the acceptance of IAPWS REoS is responsible, but these factors cannot count for such high difference.
In this short paper, we would like to give an alternative explanation, introducing a qualitative, quintic equation of states. With this EoS, we can predict a region where the compressibility has very high value (local maximum) in a confined temperature-pressure-density range, still quite far from the liquid-vapor spinodal. Approaching deeper negative pressures on certain adiabatic routes, this local maximum acts as a soft barrier. Theoretically the fluid can cross it remaining in liquid state, but due to the enhanced probability of homogeneous nucleation (caused by the high values for the response functions), the experimental sample will very possibly cavitate on a moderate negative pressure. Approaching the deeper region by the isochoric route, one can avoid this trap and lower tensile strengths can be reached. With the equation given here, the anomalies can be described only qualitatively; for the quantitative description, further studies are necessary.
CONTRADICTORY EXPERIMENTAL RESULTS FOR TENSILE STRENGTH OF WATER
Negative pressure can be generated in several different ways (Trevena, 1987; Imre, 2007) , but only some of these methods are good enough to generate tension deep enough to reach the tensile strength. Concerning water, the two competing methods are the already-mentioned inclusion method and the ultrasonic method. Being that the tensile strength measured by the two methods are very different (-30 MPa vs. approximately -100 MPa), one possible explanation is that (at least) one of the methods is giving false result. There are several well-known problems for both methods.
Concerning inclusion methods, these are the main problems:
• the water inside of the inclusion is not pure; it can dissolve the material of the solid container (for example, quartz). Although the concentration is very small, the tensile strength can be strongly influenced by the contaminants. The magnitude of this effect is not known, but based on data measured in various solutions with higher concentration, one cannot expect more than a few percent;
• isochoricity of the sample is not true. Upon cooling, the container will also shrink (this can be easily calculated); additional shrinking will be caused by the internal negative pressure, pulling the walls (the estimation of this effect is more difficult). With some simple estimation, one can quantify this error between 10 and 20%;
• and finally, as it was mentioned in the beginning, IAPWS EoS is not suitable to describe a deeply metastable region. The extent of the error caused by the improper use of the IAPWS EoS is not known.
Concerning the ultrasonic method, there are also a few problems. Frequency dependence is sometimes neglected, expecting that the frequency used in the experiments is usually high enough to obtain real tensile strength. Another problem is that the pressure field generated in this way is not really static and isotropic, i.e., in this case the replacement of the pressure tensor by scalar pressure might not be exact (Imre et al., 1998) .
Comparing the results by the two methods, one can see that by the inclusion method, the measured tensile strength is three-to-four times bigger than the one measured by ultrasound. Although there are several sources for errors in both methods, probably this huge difference cannot be explained by them.
From our point of view, probably the main factor to explain the difference is that the IAPWS EoS cannot be used in deep metastable states. The problem is not only quantitative but qualitative. In the next sections, we are going to explain the problem with the IAPWS EoS, we will show the reason why the tensile strength measured by ultrasonic and inclusion methods differs in such a big extent, and we are going to show the proper form for the EoS, which can qualitatively describe some peculiarity of metastable liquid water.
CUBIC, QUASI-CUBIC, QUINTIC, AND QUASI-QUINTIC EQUATION OF STATES
For finding a proper form of EoS for a qualitative description of metastable water, we would like to discuss cubic, quasi-cubic, quintic, and quasi-quintic equations.
Cubic EoS are probably mathematically the most simple EoS which can describe stable coexisting phases and are also able to describe metastable states, including liquids under negative pressure. The name "cubic" refers to that, in the original van der Waals equation (see an example in Johnston, 2014) , the leading term in volume is cubic (therefore it will be marked here as V3). Due to this "cubicity," in V -p diagrams, subcritical (low-temperature) isotherms (often referred to as loops) will have a minimum and a local maximum; by increasing the temperature, they will merge to a critical point (inflection point). At supercritical temperature, the isotherm will be more and more hyperbolic (ideal gas-like), but when the temperature is still close to the critical one, one can still see some anomaly close to the location of the critical point [pseudocritical or Widom anomalies (Xu et al., 2005; Pártay et al., 2007; Brazhkin and Ryzhov, 2011; Imre et al., 2012; Heyes and Woodcock, 2013; Banuti, 2015] . There are several EoS with similar isotherms; while some of them are really cubic, there are several EoS without any V 3 term but showing isotherms with similar geometrical characteristics. These EoS are referred as quasi-cubic ones (V3*).
Various isotherms for van der Waals argon can be seen in Fig. 1 . Lines represent subcritical (solid), critical (thick), and supercritical (dashed) temperatures (130, 135, 140, 145, 150 .687 (critical temperature), 155, 160, and 165 K). It can be seen that by increasing the temperature, the two extrema (A and B) corresponding to the two spinodals will be smaller and shifting closer to each other, finally disappearing and forming a critical point (marked as A + B). Above the critical temperature, isotherms will be more and more hyperbolic, but for close enough to the critical temperature, there will be a region (pseudocritical or Widom region, gray in Fig. 1 ), where some anomaly related to the vanished spinodals and critical point can be seen. The effect of these anomalies is strong close to the critical point and vanishes far from it; in medium distance, one can still see them, but they will cause only small effects.
For better numerical accuracy, one can use a higher degree polynomial equation with a higher degree leading term, but the leading term has to be always odd to give back the proper behavior in the very low and very high volume limit. Quintic EoS (V5) has a leading V 5 volume term. It means that on a V -p diagram, they can have four local or global extrema on subcritical isotherms. In similar manner, equations leading to geometrically similar isotherms will be referred as quasi-quintic EoS (V5*). A schematic example can be seen in Fig. 2(a) , marking the four extrema (A and C as minima, B and D as maxima). Quintic and quasi-quintic EoS predict three stable phases on subcritical temperatures (corresponding to the parts of the isotherms with negative slope, i.e., with positive isothermal compressibility). Assuming from their densities (1/V ) that the one corresponding to the smallest volume (i.e., higher density) is liquid, while the one located on high volume (low density) is certainly vapor. Concerning the medium one, because it is usually much closer to the liquid than to the vapor, probably this is also a liquid one (light liquid), rather than a dense vapor.
Depending on the location of the loops, there are two different scenarios. In the first one, the two loops can be located in different pressure ranges [ Fig. 2(a) ]. In this case, the coexistence between the stable phases will be separated. At certain pressures (in this figure, it is a pressure range located in the deep negative region, represented by the shorter dashed gray line) denser and lighter liquid phases can coexist, while at a pressure region at much higher pressures, the dense liquid can coexist with the vapor (see longer gray dashed line). As it can be seen later, in this second case it is not really the original denser liquid which will be in equilibrium with the vapor, it is rather the supercritical phase of the original dense and light liquids.
In the other scenario [ Fig. 2(b) ], the loops are aligned more or less around the same pressure region; therefore, it is possible to have a three-phase equilibrium (dense liquid-light liquid-vapor), represented by the gray dashed line. Although mathematically it is possible to construct V5 or V5* equations with this kind of loop, they are not realistic because the existence of the three-phase line predicted by them (represented by the three-phase points of different isotherms) are in contradiction with the Gibbs' phase rule. Therefore in the following parts, only the first scenario [ Fig. 2(a) ] will be discussed. Even if this one would be an existing scenario, for our purpose a "hidden loop" located entirely in the metastable region would be necessary (see later).
One has to realize that while for cubic and quasi-cubic EoS one can define only one critical point, for quantic and quasi-quintic ones, two independent critical points can be formed. Although it is mathematically possible that the two critical point will be formed at the same temperature, it is rather possible that at lower temperature one can see the merge of two extrema forming a critical point and, at higher temperature, the merge of the two remaining extrema forming another (the "normal") critical point. In this way, there will be a pressure-temperature interval between the two critical points, when the pseudocritical anomalies for the low-temperature critical point might influence the properties of the two phases (or just one of them) existing under normal conditions. For our explanation, the formation of the low-temperature critical point plays a crucial role; therefore, it will be discussed here in details.
In Figs. 3(a)-3(c), three different scenarios can be seen. In the first case, the two low-volume (high density) extrema (A and B) merge, forming a critical point (A + B); at higher temperatures this will be followed by the merge of C and D, forming a second critical point (C + D). Although between the two critical temperatures the isotherms will be quasi-cubic, rather than quasi-quintic, there will be a very important consequence for the quasi-quinticity. In this stage, the system has only two phases, a liquid one (its low-pressure part is originated from the original light liquid, while the high-pressure part is originated from the original dense liquid) and a vapor one, but the new liquid branch FIG. 3: The formation of the first, low-temperature critical point on a quasi-quintic isotherm. After the formation of the critical point, the isotherm will be like a quasi-cubic one, with a stable liquid and vapor branches. In the case of A + B-type critical point (a), the liquid branch will be strongly influenced by the pseudocritical anomalies. In the case of B + C-type critical point (b), the effect of pseudocritical anomalies (related to this critical point) on the stable phases is negligible. Finally, in the case of C + D-type critical point (c), the pseudocritical anomalies will influence only the stable vapor phase will be anomalous. As it can be seen in Fig. 3(a) , the low-temperature critical point "sits" on that branch; therefore at higher temperatures pseudocritical anomalies will influence the properties of this liquid, which is practically the supercritical phase of the original dense and light liquid phases. The importance of these anomalies will be discussed later.
In the second scenario [ Fig. 3(b) ], the low-temperature critical point will be formed by the merge of B and C, forming a new critical point (B + C). Because this critical points sits on an unstable branch (with positive slope, i.e., with negative compressibility), the effect of its pseudocritical anomalies on the stable phases can be neglected.
In the third scenario [ Fig. 3(c) ], the low-temperature critical point will be formed after the merge of C and D point, forming a (C + D) critical point. In that case, the pseudocritical anomalies will be strong in the vapor phase. Although there are some measurable anomalies in steam, most of them are related to the presence of dimers and trimers. Anyway, to explain anomalies for liquid water, this scenario is not applicable.
Since we are interested to find some solution to explain a phenomenon related to the metastable part of the liquid branch, we are going to explore the first scenario, but before doing that we will take a closer look at the isotherms of the IAPWS REoS.
THE NATURE OF THE ISOTHERMS OF THE IAPWS REoS
Although for materials with two possible coexisting fluid phases (like for the liquid and steam for water) one should expect that the properly describing EoS is cubic or quasi-cubic, this is not true for IAPWS EoS. This equation is a quasi-quintic one (Imre, 2013; Imre et al., 2013) . In some sense it is good, because it can describe materials with three stable fluid phases, which might be the situation-according to more and more, although mostly indirect, theoretical and experimental results-for water (Poole, 1992; Mishima and Stanley, 1998; Gallo et al., 2016; and references therein) .
In this way, under certain conditions, isotherms for IAPWS REoS (calculated by ThermoC program; Deiters, 2006) has four local or global extrema [A, B, C, and D in Fig. 4(a) ]; two of them seem to be minute, although they are the ones with physical meaning, while the two others-sometimes referred to as "Himalaya" and "Mariana-trench" because in lower temperatures they can intrude to extremely and unrealistically deep and high GPa-or even TPa ranges-are handled as mathematical artifacts Imre, 2013; De Lorenzo et al., 2017) . In this way, although the IAPWS EoS can predict three stable fluid phases, the middle one (represented by the part with negative slope, i.e., with positive compressibility between points B and C) which predicts a phase (probably the liquid one) with extremely deep, unrealistic liquid-vapor spinodal limit, is routinely omitted during phase calculations (Wagner and Pruss, 2002) .
In the IAPWS EoS at high temperatures close to the critical one, one can see first the merging of the B and C peaks to B + C [ Fig. 4(b) ], similar to the schematic cases shown in Fig. 3(b) . In this special REoS, the temperature gap between the two merging [the "artificial" (B + C) first, then the real (A + D)], the temperature gap is very small; it is almost a simultaneous (A + B + C + D)-type merging with one critical point.
Because this (B + C) critical point is located on an instable branch, therefore it does not have any direct influence on the stable liquid or vapor phases. In the next paragraph, it will be shown that the contradictory experimental results could be described by a V5*-type EoS showing the merging of the A and B point to (A + B), rather than the merging of B and C to (B + C).
THE SITUATION FOR WATER AND THE EXPLANATION OF CONTRADICTORY RESULTS
For the explanation of the different experimental results, we are proposing that a correct REoS for water would be similar to the IAPWS REoS (i.e., pseudo-quintic), but instead of having at lower temperature a (B + C)-type critical point, then at higher temperature an (A + D)-type one [see Fig. 3(b) and Fig. 4(b) ], it should have a low-temperature (A + B)-type, then a high-temperature, (C + D)-type critical points [see Fig. 3(a) ].
For constructing a qualitative equation, one should start with the reduced form of van der Waals EoS Johnston, 2014) with reduced pressure, reduced temperature, and reduced molar volume:
From this form, we are proposing our quantitative equation:
As it can be seen, a new part with the 1/v 2 leading term is added; therefore, the three parts together (1/v, 1/v 2 , and another 1/v 2 ) will give us the quintic (leading term is 1/v 5 ) form. In the new part, the constants (8/400 and 1/3 + 0.0046) were chosen to give a not too deep A minimum and not too wide new loop, while the original constant 3 for the vdW EoS was changed to 7 to push the new loop into the proper negative-pressure region. Again, this is only a qualitative equation, simply demonstrating the effect of the new loop and the new (A + B)-type critical point and its pseudocritical anomalies on the normal liquid water. The two critical points for this equation are 0.700875 and 2.34275; one should be aware that for the initial EoS, the critical temperature for the sole critical point was obviously 1.
Since the proposed equation gives only a qualitative description for the anomalies, instead of quantitative ones, therefore the applicability limits are not established. For quantitative equations, these limits should be certainly given (see an example in Apfelbaum and Vorob'ev, 2013) .
A subcritical (T r = 0.68) isotherm can be seen in Fig. 5(a) , showing four extrema. Since the liquid branch given by the vdW EoS is quite steep, there is not too much of a place to insert a second peak below the volume corresponding to point A. This is the reason why the new loop should be narrow; it can be hardly seen in Fig. 5(a) , therefore the part around the first three extrema is shown separately in Fig. 5(b) .
In Fig. 6 , the subcritical, critical, and supercritical isotherms can be seen around the ( quantify the extent of anomaly, the simplest way is to estimate the isothermal compressibility, related to the inverse slope of the isotherms:
Using reduced quantities, it will be a dimensionless number. In Fig. 7 , one can see the calculated isothermal compressibility anomalies on supercritical reduced temperatures. From top to bottom, these temperatures are 0.701, 0.702, 0.703, 0.705, and 0.710, where the critical temperature is slightly below 0.701 and the anomaly related to T r = 0.710 is so small that in this figure it cannot be separated from the x axis. It can be seen that the anomaly can easily reach values with one order of magnitude bigger than liquid compressibilities and three orders of magnitude bigger than vapor compressibilities. By the two dotted lines, the slight shift of the location of the anomaly peak is shown. The "mid-line" of the pseudocritical region (marked by gray in Fig. 8) is not isochoric, i.e., it can be represented as a triangle fading far from the critical point and tilted, but not as much as the tilting of liquid isochors.
Although other quantities might have similar anomalies in this region, the compressibility anomaly is especially important for us. From the definition of isothermal compressibility [see Eq. (3)], it is clear that when the compressibility values are high, even small pressure fluctuations can cause remarkable volume, i.e., remarkable density fluctuations (the same can be concluded with isobaric heat expansion coefficient and thermal fluctuations). Here, having only a qualitative EoS, we do not apply any of the existing nucleation theory (see for example Kiselev, 1999; Schmelzer et al., 2006; Menzl et al., 2016) , but still we can conclude that within the pseudocritical region, one can expect much higher probability for homogeneous bubble nucleation than outside of this region (except close to the spinodal lines or to the other critical point).
In Fig. 8 , one can see schematically a tentative location of a pseudocritical anomalous region, similar to the one predicted by Eq. (2) and located by us on purpose around -30 MPa, the pressure given as tensile strength by ultrasonic measurements (Herbert and Caupin, 2005; Davitt et al., 2010) . The vapor pressure and the spinodal lines are calculated by IAPWS REoS, while the exact place and shape of the pseudocritical region is just schematic. It is mostly triangular (like the Widom region of the "regular" critical points (Imre et al., 2012) , tilted but not as much as an isochor, narrow in temperature (because according to Fig. 7 , it can exist only in a narrow temperature range), vanishing before reaching the "normal" conditions, and steamed from a critical point located in the deeply metastable liquid region. In the same figure, two thick lines can be seen. One of them is a metastable adiabat (calculated by
FIG. 7:
Isothermal compressibility anomalies on supercritical reduced temperatures (from top to bottom, 0.701, 0.702, 0.703, 0.705, and 0.710 , where the critical temperature is slightly below 0.701 and the anomaly related to Tr = 7.10 is so small that it seem to be identical to the baseline). It can be seen that the anomaly can easily reach values with one order of magnitude bigger than liquid compressibilities and three orders of magnitude bigger than vapor compressibilities. The two dotted lines mark the slight shift of the location of the anomaly peak, i.e., the "mid-line" of the pseudocritical region (marked by gray in Fig. 8) is not isochoric
FIG. 8:
Vapor pressure (thin solid) and the spinodal (dashed and dotted) lines of pure water (calculated by IAPWS REoS) with the tentative location of a pseudocritical anomalous region (gray). Solid thick lines represent two different routes going from stable liquid states (points 1 and 2) to a metastable liquid state (point 3, representing one point for the tensile strength curve). Adiabatic route will be terminated by homogeneous nucleation induced by the extremely high isothermal compressibility values upon reaching the pseudocritical region and never reach state 3, while isochoric, by avoiding the shaded region, can reach state 3 and hence provide proper experimental value for tensile strength the ThermoC program; Deiters, 2006) starting from stable liquid state 1 and approaching metastable liquid state 3, representing ultrasonic experiments, where-due to the fast pressure change-the process should be nearly adiabatic. The other line shows an isochoric expansion, representing an inclusion experiment, which is expected to be nearly isochoric (Zheng et al., 1991; Shmulovich et al., 2009; El Mekki-Azouzi et al., 2013; Shmulovich and Mercury, 2014; Qiu et al., 2016) , going from stable liquid state 2 into the direction of the metastable liquid state 3, also approached by the ultrasonic experiment. Arrows show the direction of the processes. It can be seen that by approaching point 3, located at -100 MPa, the adiabatic process should cross the new Widom region of the assumed (A + B) critical point, while on the isochoric path this region can be avoided. Because within the Widom region the probability of bubble nucleation is very high, therefore it is very plausible to expect that along this adiabatic path, bubble nucleation will happen within this region (point 4), preventing the process from going below -30 MPa. The state represented by point 3 can be reached on the isochoric path; therefore, while ultrasonic measurements cannot give tensile strength below -30 MPa (giving the location of this pseudocritical barrier), inclusion measurements can go much deeper, reaching tensions around or even below -100 MPa.
The explanation proposed here seems to be quite plausible. It can explain the different results measured by inclusion and ultrasonic measurements. Additionally, to expect that the proper REoS will be quasi-quintic is not farfetched, because the IAPWS REoS is also V5*-type, only not in the proper form. The proposed existence of the second liquid phase and a new liquid-liquid critical point is also not bizarre; there are several indirect evidences for them (Poole, 1992; Mishima and Stanley, 1998; Gallo et al., 2016; and references therein) . The existence of high-compressibility regions is also expected by others (Pallares, 2016; Holten et al., 2017) .
A decisive proof for our theory [a V5*-type REoS with an (A + B)-type low-temperature critical point causing a region with elevated homogeneous nucleation probability far from the liquid-vapor stability lines] could be given by performing a series of adiabatic (i.e., ultrasonic) and inclusion measurements, aiming to reach various 3, 3*, 3**, 3***, etc. states, located at p = -100 MPa, but at different temperatures. There should be some adiabats which would not cross this second Widom region; in those cases, the tensile strength given by inclusion and by ultrasonic measurement would be identical values for the same temperatures. For expansions where adiabats are crossing the Widom region, measured tensile strength would differ for the two methods.
There is one more peculiarity, caused by the existence of this pseudocritical region. In thermodynamics, it is well known that some quantities, like work or heat, depend on the actual route, while others, like internal energy, enthalpy, etc., are state variables, depending only on the initial and final states. Therefore there are special routes between two states, where work or energy can be maximal/minimal. In our situation, we can see different special routes. Concerning routes between states 1 and 3, the direct, adiabatic route between state 1 and 3 is a highly improbable or rather an impossible route (except when this Widom region is crossed far from the second critical point, where the anomalies are less significant), while a route connecting 1-2-3 states-or any other route connecting state 1 and 3 but avoiding the pseudocritical region-is a more realistic one.
CONCLUSION
Different types of experiments determining the tensile strength of water (i.e., the deepest experimentally attainable negative pressure where the material can stay in liquid phase) are giving contradictory results. Ultrasonic measurements yield values around -30 MPa, while with inclusion-based measurement, values around or slightly below -100 MPa can be reached.
These controversial results can be explained by assuming the existence of a second Widom region, originated from a second low-temperature critical point, located in the deep metastable region. Due to the compressibility anomalies within this pseudocritical zone, there will be a region in the metastable liquid states, where the probability of bubble nucleation will be much higher than for neighboring states, which are also metastable. Expansion processes which would cross this region probably would be terminated by cavitation, while processes avoiding it can go deeper and reach the metastability limit given by the tensile strength.
A qualitative, quintic equation of state is proposed, which could provide a narrow pseudocritical region in the metastable liquid range. Due to the location of this range, adiabatic or nearly adiabatic processes (like the expansion during ultrasonic measurements) could be intersected by this region; therefore, in this measurement, only relatively low tensions (-30 MPa) can be reached, while in inclusion measurement (where the expansion of liquid is nearly isochoric, avoiding the pseudocritical region when aiming the room-temperature limiting tension) the real tensile strength with values around -100 MPa or below can be reached.
Due to the quintic nature of the equation, it is also possible to explain the second (liquid-liquid) critical point proposed by several authors. It is shown here that the reference equation used to describe water (IAPWS) is quasiquintic in nature, but the location of the low-temperature critical point and the location of the second Widom region connected to the this critical point are misplaced. Additionally, some of the properties predicted by the IAPWS REoS for the second liquid phase-like the giant spinodal strength-are strongly unbelievable.
To build a REoS with acceptable accuracy in the metastable region, more experimental data are needed, but we believe that good candidates should be quintic, or rather quasi-quintic, in form.
Finally, we are proposing an experimental method (systematic measurement by ultrasonic and by inclusion methods on various temperatures) to scan the metastable liquid range, searching for the proposed second pseudocritical region.
